INTRODUCTION
Continental strata of late Early Jurassic age are rare, and little is known of dinosaur evolution around the Early/Middle Jurassic boundary. There is almost no theropod record between the Pliensbachian and the Bajocian (ca. 195-175 Ma) (Weishampel et al., 2004) . Thus, only four diagnosable theropod species have been described from these stages: the coelophysoid Segisaurus halli from the Pliensbachian-Toarcian of Arizona (Camp, 1936; Carrano et al., 2005) , the enigmatic Cryolophosaurus ellioti from the Sinemurian-Pliensbachian of Antarctica (Hammer and Hickerson, 1994) , and the probable spinosauroids Magnosaurus nethercombensis from the Aalenian-Bajocian (Huene, 1926 (Huene, , 1932 , and 'Megalosaurus' hesperis (Waldman, 1974 ) from the Bajocian of England. This lack of data is unfortunate because phylogenetic hypotheses predict the diversification of some major saurischian clades (e.g., Tetanurae, Neosauropoda) during this interval (Wilson and Sereno, 1998; Sereno, 1999; Allain, 2002; Upchurch and Barrett, 2005) .
For 6 years, several expeditions have collected well-preserved skeletal remains of dinosaurs from the late Early Jurassic Toundoute Series of the southern High Atlas Mountains in Morocco (Allain et al., 2004; Montenat et al., 2005) . Two bone-beds, related to typical mud-flow deposition (Montenat et al., 2005) , have yielded at least five partial skeletons of a primitive vulcanodontid sauropod, Tazoudasaurus naimi (Allain et al., 2004) , a large carnivorous dinosaur of uncertain affinities, and a mediumsized theropod with ceratosaurian affinities. This article aims to describe the latter, and determines its phylogenetic relationships with other ceratosaurs (sensu Tykoski and Rowe, 2004) based in part upon a recent and thorough cladistic analysis of this lineage (Tykoski, 2005) . The remains described here come from a single area of about 4 m 2 , and is 100 m apart from the site that yielded the holotypic specimen of Tazoudasaurus. Other remains of Tazoudasaurus including a 1-m long humerus have been found near the bones of Berberosaurus. Further work in the Toundoute Series raises the possibility of new finds in this area.
Institutional Abbreviations-MHNM, Muséum d'Histoire Naturelle de Marrakech, Morocco. SYSTEMATIC PALEONTOLOGY SAURISCHIA Seeley, 1887 THEROPODA Marsh, 1881 CERATOSAURIA Marsh, 1884 (sensu ) NEOCERATOSAURIA Novas, 1992 (sensu Holtz, 1994 ABELISAUROIDEA (Bonaparte, 1991) Holtz, 1994 (sensu ) BERBEROSAURUS LIASSICUS, gen. et sp.nov. the distal end of the right tibia (MHNM-Pt16); and the left fibula (MHNM-Pt20).
Referred Specimen-The proximal end of a right femur (MHNM-To1-218).
Etymology-Generic name is from the Berbers who live mainly in Morocco; "sauros" is Greek for lizard. Specific name from Lias, referring to the statigraphic epoch of the specimen.
Type Locality-Douar of Tazouda, near the village of Toundoute in the Province of Ouarzazate, High Atlas of Morocco.
Horizon and Age-Upper bone-bed ("Fossil locality B" of Allain et al., 2004 ) of the Toundoute continental series, middle to late Early Jurassic (Pliensbachian-Toarcian) (Montenat et al., 2005) .
Diagnosis-Berberosaurus is characterized by the following unique combination of characters that nests the taxon among the abelisauroid ceratosaurs: highly pneumatic cervical vertebrae; anteroposteriorly short cervical vertebral centra with camerate internal structure; cervical neural spine anteroposteriorly short; ventral margin of sacral series strongly arched dorsally; transversely narrow sacral centra; proximal end of the second metacarpal deeply grooved ventrally; femoral anterior trochanter reaches proximally to mid-point of femoral head; large femoral trochanteric shelf; tibia with subtriangular distal profile; presence of an oblique ridge that proximally caps the medial sulcus of the fibula. Berberosaurus differs from Elaphrosaurus in: short cervical centra, pneumatic foramina on the cervical neural arch; from Ceratosaurus in: camerate structure of cervical vertebra, low and short neural spine of the cervical vertebra, femoral anterior trochanter reaches proximally to mid-point of femoral head; from Spinostropheus in: absence of the epipophysealprezygapophyseal lamina on the cervical neural arches, short cervical neural spine; from Abelisauria in: distal end of metacarpal with deep extensor pits; pronounced femoral trochanteric shelf.
Jenny and colleauges (1980) and Taquet (1984) briefly reported another theropod from the late Early Jurassic of the Moroccan High Atlas. This specimen comes from the Toarcian Wazzant Formation and is currently under preparation in the Muséum National d'Histoire Naturelle, in Paris. It differs clearly from Berberosaurus in its smaller size, the longer cervical vertebral centra, and the absence of a sulcus on the medial surface of the fibula.
DESCRIPTION

Cervical Vertebra
As with most of the holotypic material of Berberosaurus, the recovered cervical vertebra was affected by tectonism. A fault plane in which gypsum recrystallized crosses the vertebra lengthwise, but the specimen is not deformed and its left side is well preserved (Fig. 1) . The distal tip of the postzygapophysis/ epipophysis complex and the ventral part of the posterior articular surface are broken. The centrum of this mid-cervical vertebra is short with a length less than 1.5 times the diameter of the anterior articular surface ( Table 1) . The anterior surface is vertical and slightly concave, while the posterior articular surface dips slightly posteroventrally (Fig. 1A, B) . The damaged posteroventral area of the centrum reveals at least two rounded internal cavities separated by a thin septum. These cavities are here interpreted as camerae. The ventral surface of the centrum is flat. The parapophyses are situated at the anteroventral corner of the centrum. Two pairs of deep, ovoid pleurocoels invade the body of the vertebra (Fig. 1C, D) . The anterior pleurocoels are positioned dorsal to the parapophyses and excavate much of the centrum immediately behind the anterior articular surface. They are longer than tall. There is at least one additional, posteroventrally located foramen within the cervical anterior pleurocoel that accesses the centrum. The posterior pleurocoel is as long as tall. It is situated just below the suture between the centrum and the neural arch, 15 mm anterior to the posterior articular surface. Once again, at least one additional foramen pierces the posterior wall of the pleurocoelous fossa (Fig. 1D) . The additional pneumatic foramina in both the anterior and posterior pleurocoels are unknown in other ceratosaurs, with the possible exception of Dilophosaurus (Tykoski, 2005) . They are consistent with the camerate structure described above (Britt, 1997; Wedel, 2003) . The suture between the centrum and neural arch is totally fused and indiscernible. The cervical neural arch is nearly two times taller than the centrum and bears the marks of extensive pneumatization. The prezygapophyses overhang the preceding cervical centrum whereas the postzygapophyses do not extend posteriorly past the posterior articular surface of the centrum. The four principal diapophyseal laminae present in saurischian vertebrae (anterior centrodiapophyseal lamina, posterior centrodiapophyseal lamina, prezygodiapophyseal lamina, postzygodiapophyseal lamina) are present, in addition to the centro- Abbreviations: acdl, anterior centrodiapophyseal lamina; al, accesory lamina; apl, anterior pleurocoel; cmr, camera; cpol, centropostzygapophyseal lamina; cprl, centroprezygapophyseal lamina; di, diapophysis; gy, gypsum; ils, interspinous ligament scar; nc, neural canal; ns, neural spine; pcdl, posterior centrodiapophyseal lamina; pf, pneumatic foramen; podl, postzygodiapophyseal lamina; posf, postspinal fossa; poz, postzygapophysis; pp, parapophysis; ppl, posterior pleurocoel; prdl, prezygodiapophyseal lamina; prz, prezygapophysis; se, septum; spol, spinopostzygapophyseal lamina; tpol, intrapostzygapophyseal lamina. Scale bar equals 1 cm.
prezygapophyseal, centropostzygapophyseal, spinopostzygapophyseal and intrapostzygapophyseal laminae (Wilson, 1999) . The diapophysis is directly dorsal to the parapophysis. It is laterally directed, ventrally pendant, and tapers distally (Fig. 1E) . The ventral surface of the transverse process is perforated by a pneumatic foramen as in Carnotaurus and Masiakasaurus (Bonaparte et al., 1990; . The posterior wall of the foramen is formed by a small accessory lamina (Fig. 1B) . The postzygodiapophyseal lamina is interrupted by a triangular fossa 20mm from the tip of the diapophysis (Fig. 1A, B) , much as in Spinostropheus (Sereno et al., 2004) . A wide infrapostzygapophyseal fossa is present between the posterior centrodiapophyseal and the centropostzygapophyseal laminae (Fig.  1F ). Also as in Spinostropheus, a large foramen pierces the floor of the infrapostzygapophyseal fossa and opens into the neural canal (Fig. 1A ). There is a triangular fossa between the centropostzygapophyseal and intrapostzygapophyseal laminae, but it is unknown if it is perforated by foramina as in Masiakasaurus . The neural spine is approximately centered over the centrum. It is slightly damaged distally, but it is anteroposteriorly short in comparison to cervical neural spines of coelophysoids and Ceratosaurus. Posteriorly, within the large postspinal fossa, the neural spine bears scars for interspinous ligaments (Fig. 1F) .
Sacrum
The partial sacral series is comprised of three fused centra with very incomplete neural arches (Fig. 2) . The total sacral count is unknown. According to the positions of the preserved neural arch and sacral rib, and the lack of a true sacral rib on the largest centrum of the specimen, the specimen is interpreted as the first sacral, the second sacral, and the first caudosacral vertebrae (Fig.  2) . The centra are firmly fused to one another. The trace of a suture is still visible between the centra of sacral 2 and caudosacral 1, but is nearly eliminated between the centra of sacrals 1 and 2. Although incomplete, the sacral series is strongly arched dorsally ( Fig. 2A) to the same degree as in Ceratosaurus and Carnotaurus (Gilmore, 1920; Bonaparte et al., 1990) . The centra are longer anteroposteriorly than tall dorsoventrally, and are transversely flattened as in abelisaurids and Ceratosaurus (Fig. 2B ).
Metacarpal
The second left metacarpal was found near the fibula (Fig. 3) . It is considerably longer than the second metacarpal of the abe- lisaurid Aucasaurus . The proximal end is wider than the distal. It has an asymmetrical trapezoidal, proximal end (Fig. 3C) , with proximal cotyles separated ventrally by a deep concavity (Fig. 3A) . The medial cotyle is more developed and expanded mediolaterally and ventrally. The contact area between metacarpals I and II is restricted to the medial surface of the proximal base of the second metacarpal, unlike tetanurans. The shaft of the metacarpal tapers distally. As observed in distal view, the distal end is rotated about 45°clockwise with respect to the proximal end. It is deeply grooved and asymmetrical, with the medial condyle more proximally-situated than the lateral (Fig. 3B ).
Femur
The femur is the only element known from two specimens. A nearly complete right femur was found associated with the other bones described here (Fig. 4) , and the proximal end of a right femur from a smaller individual (Fig. 5 ) was found at the site that yielded the holotypic material of Tazoudasaurus. Both femora are hollow. The proximal end of the larger and better-preserved femur was affected by tectonism and is now displaced 1 cm an- (Fig. 4A) , and the proximal femur narrows anteroposteriorly toward the greater trochanter as in other nontetanuran theropods. A shallow groove runs mediolaterally across the middle of the proximal articular surface. The greater trochanter is confluent with the femoral head. The posterior surface of the proximal femur bears a well-defined proximomedially to distolaterally-trending sulcus across the femoral neck (Fig. 4C) , giving the femur a posteriorly hooked profile in proximal view. The morphology of the anterior trochanter of Berberosaurus is difficult to assess. The anterior trochanter is almost as stout as the spike-like version present in most coelophysoids, but it is more mediolaterally compressed and flange-like as in Ceratosaurus, Masiakasaurus, abelisaurids, and tetanurans. The anterior trochanter extends proximally as far as the level of the middle of the femoral head, and is set off from the femoral shaft by a weak cleft. The holotypic femur shows more of a mound than a shelf for the M. iliofemoralis insertion (Fig. 4) . The referred femur exhibits a pronounced trochanteric shelf that originates on the anterior base of the anterior trochanter and extends distolaterally as in coelophysoids, and Ceratosaurus (Fig. 5  A-B) . This suggests some degree of femoral dimorphism in Berberosaurus as in Coelophysis (Colbert, 1989; Raath, 1990) , Ceratosaurus (Britt et al., 2002) and Masiakasaurus . The fourth trochanter is strongly developed. It rises 19 mm above the posteromedial margin of the femur and extends approximately one-fifth the length of the bone (Fig. 4 B-D) to end 240 mm from the proximal articular surface. The holotypic femur preserves an enlarged medial epicondyle (Fig. 4A) , but because its distal condyles are broken, it is impossible to know if this enlargement was as strongly developed as in abelisauroids.
Tibia
The tibiae are badly damaged, with only a part of the proximal left tibia (Figs. 6A-B) and the distal end of the right tibia preserved (Figs. 6C-E). The proximal piece was affected by tectonism. The proximal articular surface is missing, but the distal parts of the fibular crest and the cnemial crest are preserved (Fig.  6A) . The fibular crest is well developed both distally and laterally and runs parallel to the main shaft axis (Fig. 6B) . The cnemial crest curves laterally and the tibia has a hooked profile in proximal view. A nutrient foramen lies just posterodistal to the distal end of the cnemial crest (Fig. 6B) . The distal end of the tibia is not fused with the astragalus despite the apparent maturity of the Moroccan specimen. The shaft of the tibia is thicker medially than laterally (Fig. 6E) . The distal end of the right tibia is gently concave anteriorly and strongly convex posteriorly (Fig.  6E) . The lateral margin bears a scarred contact surface for the fibula. The lateral malleolus is broken distally. The oblique buttress that accommodated the ascending process of the astragalus slopes distomedially at about 33°to the horizontal. The distal tibia is mediolaterally expanded, and has a subtriangular outline that contrasts with the more rectangular distal profile observed in coelophysoids. 
Fibula
The left fibula is complete (Fig. 7) . Its proximal end is anteroposteriorly expanded and bears a deep, proximodistally elongate sulcus on its medial surface. This sulcus opens posteriorly and is capped proximally and anteriorly by a pronounced ridge that is also present in coelophysoids and Ceratosaurus (Fig. 7B ). This ridge is raised from the remainder of the medial surface and has a rough texture. The shaft of the fibula tapers distally, except at the level of the insertion of the M. iliofibularis, which is marked by the presence of a large, anterolaterally-projecting process (Fig. 7A) . The distal end of the fibula is slightly expanded both anteroposteriorly and mediolaterally. It is not co-ossified with the ascending process of the astragalus. The distal fibula has an anteromedial flange that may have partially overlapped the ascending process of astragalus as in some coelophysoids and Ceratosaurus.
PHYLOGENETIC RELATIONSHIPS
Ontogenetic Status
Recognition of the ontogenetic stage of Berberosaurus and other ingroup taxa is critical to proper comparisons and coding in our phylogenetic analysis (Carrano et al., 2005; Tykoski, 2005) . Characters likely to be expressed only in later stages of ontogeny were treated as missing data in coelophysoid taxa represented by insufficiently mature specimens in our data matrix (see Tykoski [2005] for more details on the ontogenetic status of these various taxa). Three of the coelophysoid maturity-dependent characters listed by Tykoski (2005, Tab. 6) that were scored in Berberosaurus (see Appendix 2) were the absence of fusion between cervical ribs and their respective vertebral centra (character 130), no co-ossification between the astragalus and tibia (character 250), and no co-ossifcation between the astragalus and fibula (character 242). Given the co-ossification of these elements in relatively mature specimens of both coelophysoids and ceratosauroids it suggests that the holotype of Berberosaurus may not be a fully mature individual. Features that could reveal information regarding the relative maturity of the specimen include: the sacral centra exhibit full fusion to one another such that their sutures are nearly indiscernible; the femoral anterior trochanter is a mediolaterally compressed flange (‫ס‬aliform process) projecting anteriorly from the bone; the medial side of the proximal end of the fibula is excavated by a longitudinal groove, and the latter is overlapped by an oblique (posteroproximally to anterodistally oriented) ridge; and the fibula bears a medial flange that overlaps part of the ascending process of the astragalus. The balance of these observations suggests that the holotypic specimen of Berberosaurus is a subadult that died prior to reaching skeletal maturity. We also recognize that the quantitative ontogenetic analysis conducted by Tykoski (2005) focused strictly upon coelophysoid taxa, and we acknowledge that Berberosaurus may have had a different ontogenetic pattern than coelophysoids.
Methods
The phylogenetic position of the new taxon was evaluated by scoring four outgroup (Marasuchus, Scutellosaurus, Lesothosaurus and Plateosaurus) and 30 ingroup taxa (Appendix 2) for 264 parsimony-informative characters (15 ordered, 249 unordered, see Appendix 1) (Tykoski, 2005) . The data matrix was analyzed cladistically using PAUP* 4.0b10 (Swofford, 2002) . Trees were rooted using the outgroup method with outgroup taxa set as successively paraphyletic taxa relative to the monophyletic ingroup. The analysis was conducted as a heuristic parsimony analysis with branch swapping by simple stepwise addition using the tree bisection-reconnection algorithm. A heuristic search was chosen because of large number of taxa and characters made more exhaustive search methods impractical. Multiple character states within a single taxon were treated as polymorphisms, as originally intended in the coding of the matrix.
Results
The analysis resulted in 21 equally most parsimonious hypotheses of phylogeny (L ‫ס‬ 636, C.I. ‫ס‬ 0.4890, R.I ‫ס.‬ 0.7289). A traditional Ceratosauria (including Coelophysoidea and Ceratosauroidea) was recovered as the sister stem-lineage to Tetanurae. The 21 trees differed only in the positions of the coelophysoids Zupaysaurus, Liliensternus, and the informally named "Shake-N-Bake" taxon. Berberosaurus was weakly supported as an abelisauroid more derived than Spinostropheus but outside a Xenotarsosaurus + Abelisauria clade in all the recovered trees (Fig. 8, see Appendix 3 for the distribution of unambiguous synapomorphies at each node of the strict consensus tree). Critics of a 'traditional' Ceratosauria (including coelophysoids) pointed to the large stratigraphic gap between the youngest coelophysoids (Pliensbachian-Toarcian) and oldest 'true' ceratosaurs (Kimmeridgian-Tithonian), and suggested that there is less of a stratigraphic gap when ceratosauroids are linked with tetanurans than when they are linked with coelophysoids. Our cladistic analysis recovers a traditional, monophyletic Ceratosauria ) and places Berberosaurus as an abelisauroid more derived than the basal neoceratosaur Ceratosaurus from the Late Jurassic, and the abelisauroid Spinostropheus of Early Cretaceous age ( Fig. 9 ; see Appendix 4 for phylogenetic definitions used here). Derived characters shared with other ceratosaurians include posterior pleurocoels in post-axial cervical centra, sacral centra exhibiting full fusion to one another such that sutures are nearly indiscernible by adulthood, and a proximal end of the fibula with an oblique ridge that overlaps the proximal part of the medial fibular groove (Appendix 3). Abelisauroid features present in Berberosaurus include the lateral surface of post-axial cervical arch pedicels pierced by foramina anteroventral to the postzygapophysis, post-axial cervical neural arches with pneumatic cavities lateral to the neural canal, and cervical neural arch surfaces ventral to transverse processes pierced by multiple pneumatic foramina.
Berberosaurus is the oldest known abelisauroid, and it represents a considerable temporal range extension for a lineage whose other members are Neocomian (Sereno et al., 2004) or younger (Tykoski and Rowe, 2004) , except if the material from Tendaguru, recently described by Rauhut (2005) , is proved by a future phylogenetic analysis to be an abelisauroid. Its presence implies a previously unrecognized diversification of ceratosauroids by the Early Jurassic (Fig. 9) . Berberosaurus essentially closes the stratigraphic gap separating coelophysoids and ceratosauroids, as predicted by cladistic phylogenetic hypothesis. Abelisauroids, and more especially Abelisauridae were used as key evidence for faunal exchanges between Gondwanan landmasses Sereno et al., 2004 ) and between FIGURE 9 . Stratigraphically calibrated phylogeny of Ceratosauria and basal Theropoda, based on the strict consensus tree of the current study. Gondwana and Europe (Buffetaut et al., 1988; Le Loeuff, 1991) , because their record was restricted to Late Cretaceous strata of the southern continents and probably Europe (Weishampel et al., 2004) . Berberosaurus reveals that basal abelisauroids were already diversified by the Early Jurassic, and they were probably distributed between Africa, South America, Madagascar, India and Europe long before the Cretaceous and the fragmentation of Gondwana. This scenario is consistent with the pan-Gondwanan hypothesis suggested by previous authors (Lamanna et al., 2002; Sereno et al., 2004) , but with faunal exchanges among Gondwanan landmasses occurring between the Early Jurassic and the Early Cretaceous. It also suggests that fossils of basal abelisauroids should be present in Early Jurassic sediments across Pangea, given that Laurasia and Gondwana were still connected through that time. This discovery emphasizes how poorly known is the origin and early evolution of ceratosauroids, and highlights the importance of finding and describing new Early and Middle Jurassic theropod remains in order to document the evolutionary history of Theropoda across the Triassic-Jurassic faunal transition. (Rauhut, 1995; Holtz, 1998) . 99. Medial surfaces of maxillary interdental plates smooth (0), or heavily striated/ridged (1) (Sampson et al., 1996 . 100. Maxillary interdental plates relatively tall, broadly exposed (0), or low and partially obscured by lamina of maxilla (1) 
